is on the order of a few milliseconds, the cooling effect due to remote water convection is limited. In addition, in view of the localized power input, it is expected that severe thermal and thermomechanical activities will take place in a small region; therefore, semi-infinite plane is used for the current analysis. A nonhomogeneous energy equation is utilized for the transient temperature analysis. Inertia effects due to the heating are assumed to be negligible; hence, quasi-static thermoelastic plane strain condition is employed. In our analysis, all the material properties are independent of temperature and time.
Bending Magnet Power Distribution
The bending magnet power distribution q is expressed as Utilizing the green function solution [2] , we found that the solution satisfies Eqs. (10) and (ll) , and, with the surface heating formulation (from Eq. (13)), reads
where To is the reference temperature. After some algebra, Eq. (15) can be written as where
Observing the solution in Eq. (16), we see that the coefficients associated with x and y in the exponential function are different, which will result in complexity while determining the thermal stress. Therefore, in order to be able to solve for the thermal stress, we assume that the material along the y axis is also subjected to the same distributed heat as is the material along the surface (z axis), but an "eflective absorptibn coeficient" at is introduced to accommodate the maximum temperature (in Eq. (16)). Therefore, the heat generation term is assumed to be
Replacing Q in Eq. (15) by the expression from Eq. (18), we found where r2 = x2 + y2. Further calculation yields
where E, represents exponential integral of integer order n which is defined as [l] It is easy t o find that the maximum temperatures in both Eqs. The thermal stress is divided into two parts : (1) the stress field ( B i j ) due to the temperature change in the infinite plane, and (2) the extra stress field (8;j) generated to satisfy the boundary conditions. To solve the stress B i j , we introduce a displacement potential @, which satisfies Poisson's equation 
t u n -l ( ; )
The integrals I and 11 are to be solved by numerical integration. After the stress field E;j is completed, the total stress components are determined by summing up two stress fields aij and &j in Eqs. (34) and (40), respectively. On the surface y = 0, the only non-vanished in-plane stress component a , , is expressed its 3 Fig. 3 shows the dimensioning plot of the storage ring chamber cross section in APS. The storage ring is made of 6063 -T5 aluminum. Several bending magnet beam missteering studies have been analyzed by using finite element method. One of these was chosen for the verification. In this missteering case, the bending magnet beam power is assumed heating the edge of the positron chamber in the curved sections (S2 or S4) by bending magnet M1 or M2. The chamber cross section is discretized by isoparametric quadralaterial element.
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Finite Element Analysis
The distance from the source point is approximately 70 inches. As shown in Fig. 4 , convection water cooling is carried out by three water channels. The convection coefficient h = 0.4 myoc. Air cooling is applied on the outer boundary, whereas the inner chamber surface is assumed to be insulated. The reference temperature and the initial temperature is 34 "C. Table 1 lists the parameters employed in the model. The discretization is constructed by ALGOR code, whereas the calculation is done by the ANSYS finite element package .
Results and Discussions
From Eq. (18) it is apparent that heat is generated inside the material, but if the maximum temperature is adjusted by introducing an effective absorption coefficient, the temperature difference between Eq. (16) and Eq. (20) along z = 0 is expected to have a larger discrepancy. Fig. 5 illustrates the temperature plot using heat generation formulation (Eq. (20)) long dashed lines) and surface heating formulation (Eq. (16), dashed lines). It is found that, before t = 1 second, the maximum temperature difference between two formulations is less than 10 "C, which reveals that the use of the heat generation model is adequate for the current analysis. It is interesting to note that from Eq. (42), as T + 0, not only a , , and a,,, but also a,, vanishes. The reason being that, in Eq. (40) as y + 0, the additional normal stress component SXx approaches -SW. Because the stress sW and Ssx tend to the same limit as 2 and y approach zero (Eq. (34)), the total stress a,, = Bxx + ZXx = Bxx -BYyr + 0 as r + 0. Therefore, high compressive normal stress a,, is observed away from the origin instead of at the origin where the maximum temperature is located. Fig. 8 shows the three-dimensional plot of the stress component a,,.
For plane strain conditions, the off-plane strain components vanish E;, = 0 (i = 2, y, z), and the stress component a,, becomes a,, = V ( Q x x + uyy) -aY(T -To). where S;j is the Kronecker delta. Due to the fact that the effective stress cannot be larger than aY(T -To) if the material is subjected to only thermal loading, we can conclude that the maximum effective stress takes place at the origin and the magnitude is Fig. 7 shows the effective stress a,jj. profile along the heating surface. It is found that even though the heat-affectedi zone at the early stage (0.001 and 0.01 seconds) is less than 0.1 inch (Fig. S ) , the area of the nonzero effective stress is much wider due to the thermal expansion of the material. The heated material receives compressive stress while the adjacent unheated material is subjected to tensile stress. vection is supplied on three channels and steady state will be reached later, the associated steady-state temperature is found to be higher than that found by the semi-infinite model within a reasonable time interval. The reason being that in the semi-infinite model, the material absorbs much more heat than does fmite material. Theoretically, even though the temperature of the semi-infinite model will diverge as the heating time tends to infinite (Eq.
22, for example), the relation between the heating time t and the temperature are in log scale, whereas the temperature in the finite domain with cooling boundary conditions is on the order of exp(-X2t2)), (where X is the associated eigenvalue depending on the boundary conditions), which indicates that the time derivative of the temperature in the semi-infinite domain is much smaller than that in finite domain.
The comparison of the effective stress aeeff. at the origin using the semi-infinite analytical solution and the finite element analysis is shown in Fig. 10 . It is found that by using the semi-infinite solution the effective stress is higher than that found using the finite element model. This is because the bending magnet heating takes places near the wedge apex where it is less constrainted than on the semi-infinite half plane. 
